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 from Crystal Geyser, Utah: Health and safety iny

of a cony wellbore failure analog.

To address concerns regarding p otential leakage of CO; from underground storage sites, appropriate analogs can serve to circumscribe likely scenarios for human health and safety. Crystal Geyser in
eastern Utah is a rare, non-geothermal geyser that emits carbon dioxide gas in periodic eruptions. For this study, the amount of CO, emitted from this geyser is estimated through measurements of
downwind COy air concentrations modeled for atmospheric dispersion. Five eruptions of Crystal Geyser occurred during the 48-hour field study; pre-eruption emissions were also timed and sampled.
Slow wind during three of the active eruptions conveyed the plume over samplers arranged in arcs 25 to 100 m away from the geyser. An analytical, straightline Gaussian model matched the pattern
of concentration measurements. Thisis the first application of Gaussian dispersion modeling to a CO; geyser of any type, and demonstrates the feasibility and value of future method applications. CO,
emission rates were between 2.9 and 6.7 kg/s during eruption events and about 0.20 ke/s during the active pre-eruptive events, with sample peak concentrations never exceeding 12650 ppm (4000 ppm

mean). Extrapolation of our limited field data estimates annual geyser CO2 emission of 13,000 tonnes. Comparison of results to storage scenarios serves to constrain sequestration efficacy and potential
health risks from wellbore failure. Preliminary analysis suggests that even extremely large and rapid escape of CO; at this well presents a negligible risk to human health and safety. Future study may

show likely cases of wellbore failure will have fluxes much less than the Crystal Geyser analog.
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Figure 1: Location of Crystal Geyser.
(Shipton ef al., 2004)

Objectives
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Crystal Geyser is located in southeastern Utah near the
town of Green River (see Figure 1). The geyser erupts out
of a well casing of a 1935-1936 hydrocarbon exploration
well drilled to a depth of ~800 m. Before encountering
bedrock, the drilling company drilled through ~21.5 m of
tufa deposits, indicating that CO,-charged waters effused
from this location prior to the well being drilled. Other
natural cold-water geysers are located in this area of
Utah, most of which are probably fed by CO, charged
waters stored in the Jurassic Navajo Sandstone, which is
~200 m below the surface at the well-site.

The occurrence of numerous travertine deposits in this
region is likely related to flow of CO,-rich brines to the

surface. Thelocations of the Geyser and tufa layers reflect structural controls, such as fault intersections and the junctions of regional faults
with fold axes (Figure 2). Similar ancient travertine deposits are found locally along the strike of the Little Grand Wash Fault. Researchers
have been unable to definitively identify the source of the CO, for this region, but there is a consensus based on carbon isotope signatures
that the CO, must originate either below or within the Paradox evaporites.

Figure 2: Generalized geologic map of field area. (Shipton et al., 2004)
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Our goal was to combine downwind CO, concentrations with meteorological data to constrain the amount of CO, emitting from the Geyser during an eruption. This

research was intended to provide initial estimates of annual flux and credible maximum flux, with the expectation of future field data collection.

Sampling

‘We set-up 4 sampling arcs downwind of the
Geyser at radial distances of 25, 50, 75, and 100
m from the main vent (See Figures 3 and 4).
Three to five samplers were evenly spaced
along each arc. These “grey box” samplers
draw air continuously at a slow rate, allowing
us to acquire integrated air samples. This
array was effective for three eruptions, and
one small pre-eruptive episode; for the fourth
eruption sampled the wind was blowing away
from the array, so we used a portable “blue
box” sampler, which has a faster collection
rate. We also used a blue box to sample points
of special interest, for instance very close to the
vent (Figure 5) and upwind for a background
CO, measurement.

Photograph in Figure 3 was taken from
the ridge east of the main vent. Here,

the green, blue, and black curves trace
the 50,75, and "100 m arcs, respectively.

Figure
vent during Eruption 3.

ot G

Figure 4 (above). Map of array. Solid arrows
represent plume centerlines for E 1, 4 and 5*
(red) and E3 (green) at 50 m and ES (blue).

Observations
In addition to the samples and meteorological
data, we recorded several parameters for each
of the five eruptions that occurred during our
48- hour field deployment:
* Beginning, ending, and character of each
eruption
* Nature and timing of the pre-eruptive
activity
This allowed us to characterize the average
eruption from Crystal Geyser:
* Eruption Duration Range: 7-25 minutes
(Eruption 3 = 122 minutes)
* Typical Recharge Period: 5.75-6.25 hours
(20 hours between E3 and E4)
* Pre-eruptive activity: Intensifies as an
eruption becomes imminent

eyser, UT:

a Deep Storage Site
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b. Estimate the plume width using a least-squares fit of the CO, data
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Modeling Approach P
‘We estimated the emission mass using a Gaussian dispersion model. Input parameters -
for the model include CO, concentrations, eruption timing, wind conditions, and sampler e 1oean
geometry. Tenets of the Gaussian dispersion model include (see Figures 7 and 8): 2 B _ ...

a. Calculate amount of CO, emitted according to B ° E
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Figure 7 (1¢f0); Gaussian least squares fit ged curye) t0.C0z concentrations (blue dots) measured
along the 50m ng Eruption 3. § (right; Calculated CO2 emissions using the
curve defined in Flgu re 7. Emission mass is calculate every sampler location. The average is
considered the best estimate for CO2 emission.

Results
1) Models of the S0-m arc yielded the most consistent estimates
(See Figures 7 and 8)

Eruption

Tuble 2: Piume shape and CO; emissions from

modeling data coliected aiong the 50 m are.
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2) E (Estimates ok d from the 50-m arc data) T
a. ~1-5 tonnes of CO, per standard eruption 3

* emissions from 2 hour eruption were 30x greater e
b. ~13,000 tonnes CO, per year ;

Tuble 1: Summary of eruption statistics.

Tuble 3: Piume shape and CO; emissions from modeiing data
collected from locations other than the 50 m arc.
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The hlghest measured concentration of CO, during

. Gaussian dispersion a widely T tool for atmospheric
dispersion, provides an approach to ing CO; leaks:

1) Itis inexpensive and easily adaptable to variable terrain and fluctuating wind
conditions;

2) Plume width and centerline are objectively measured;

3) Modeling avoids bias from under sampling or oversampling of plume.
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Technical Implications Environmental, Health and Safety Implications

1) Preliminary estimates suggest that maximum annual leakage rates are within the
bounds of those di din i with multi-million tonne/year injections.

2) Concentrations of CO,, even during maximum eruption rates, were less than
12,600 ppm and never reached levels dangerous to human health. This suggests that
leakage from wells represents a limited HSE risk, one that can be readily
recognized and managed.

y less than the rates

3) Real leakage rates likely would be
measured at Crystal Geyser.






